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@ Method and apparatus for linking object managers for cooperative processing In an object onented 
computing environment 



@ Object managers on different computing plat- 
forms (14a. 14b) communicate with each otlier 
in a cooperative manner, while allowing the 
objects on the computing platfonms to com- 
municate with each other using a remote pro- 
cedure call which preserves the object oriented 
characteristics of data independence and en- 
capsulation. Preferably, each object manager 
indicates to the other object manager whether 
local objects have successfully responded to 
remote messages. The object manager can 
thereby preserve integrity of the object oriented 
system by committing or rolling back the sys- 
tem In response to completion of specific tasks 
or failure to complete specific tasks, even 
though some of the tasks occurred outside the 
local object oriented computing environment 
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Field of the Invention 

This Invention relates to data processing systems 
and methods and more particularly to object oriented 
computing systems and methods. 

Background of the Invention 

Object oriented programming systems and proc- 
esses, also referred to as "object oriented computing 
environments", have been the subject of much Inves- 
tigation and interest in stale of the art data processing 
environments. As is wen known to those having skill 
In the art, object oriented computing environments 
are composed of a large number of "objects*". An ob- 
ject is a data structure, also refenred/to as a "frame", 
and a set of operations or functions, also referred to 
as "melhods". that can access that data structure. 
The frame has many "slots", each of which contains 
an "attribute" of the data In the slot The attribute may 
be a primitive (such as an Integer or string) or an ob- 
ject reference which is a pointer to another object. 

Each defined object will usually be manifested in 
a number of ^'instances". Each Instance contains the 
particular data structure for a particular example of 
the object Each instance of an object Is identifiable 
by an assigned "instance identifier". In an object ori- 
ented computing environment, data is processed by 
requesting an object to perform one of its methods by 
sending the object a "message" which names an in- 
stance of an object and a method of that object The 
receiving object responds to the message by choos- 
ing the method that implements the message name, 
executing this method on the named instance, and re- 
turning control to the calling mechanism along with 
the results of the method. The sending and receiving 
of messages is typically controlled by an object man- 
ager. 

Object oriented computing environments provide 
two primary characteristics which allow flexible and 
reusable programs to be developed. These character- 
istics are referred to as "encapsulation" and "inheri- 
tance". As already described, each object frame is en- 
capsulated by its surrounding methods so that all ac- 
cess to the frame is handled by the surrounding meth- 
ods. Data independence is thereby provided because 
an objecfs data structure is accessed only by its 
methods. The 'Mnheritance" property allows previous- 
ly written programs to be broadened by creating new 
superclasses and subclasses of objects. New objects 
are descn*bed by how they differ from preexisting ob- 
jects so that entirely new programs need not be writ- 
ten to handle new types of data or functions. 

As object oriented computing environments be- 
come Increasingly used to perform complex data 
processing tasks, it has become desirable to allow ob- 
jects in a first object oriented computing environment 
to interact with objects in a second object oriented 



computing environment Thus, for example, a first ob- 
ject oriented computing environment may be located 
In a client computer while a second object oriented 
computing environment may be located In a server 
5 computer. In this scenario, it is desirable to allow ob- 
jects on the client to access objects in the server and 
objects in the server to access objects in the client as 
part of an overall computing task. 

A "remote procedure call" mechanism has been 
10 provided in object oriented computing environments 
in order to allow this Interaction. In a remote proce- 
dure call, a clientstub and a server stub are provided 
in the object manager of each object oriented comput- 
ing environment The clientstub determines whether 
IS a message Is directed to an object which is outside its 
own object oriented computing environment If so, the 
dient stub packages this message for transmission 
across a communications network to the remote oIh 
ject oriented computing environment At the remote 
20 object oriented computing environment, a server stub 
receives this message and reforms the message so 
that it can be used by the object on the remote object 
oriented computing environment 

After processing, the server stub packages the 
25 processed data for return back to the originating ob- 
ject oriented computing environment via the commu- 
nications network and the client stub unpackages this 
message and provides it to the requesting object 
Thus, the object in the originating environment which 
30 sends the message has no knowledge that the mes- 
sage is being processed by an object in a remote en- 
vironment Similarly, the object in the remote environ- 
ment which processes the message has no knowl- 
edge that the message originated from the remote 
3S originating environment Thus, the fundamental ob- 
ject oriented characteristic of encapsulation is pre- 
served because neither the sending object nor the re- 
ceiving object has knowledge of the internal data 
structure or methods of the receiving object or send- 
40 ing object, respectively. 

Cooperative processing has also been used in 
object oriented data processing systems in order to 
accommodate large and/or complex processing 
tasks. In cooperative processing, two or more com- 
45 puting platforms cooperate to accomplish a task. 
Functions and applications are split into two or more 
components running in different computing plat- 
fontis. 

Interfaces and protocols have been designed to 
50 allow cooperative processing in an object oriented en- 
vironment See the publication entitled Cooperative 
Processing In An Object-Oriented Environment, 
document number GG24-3801-00. December 1991 
by Deckers et al. published by the assignee of the 
55 present invention. However, in some respects, coop- 
erative processing is antithetical to an object oriented 
scenario. For example, as described above, object 
oriented systems on single or multiple computing en- 
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vironments require that each object have no knowl- 
edge of the internal workings of any other object. 
Thus, a local procedure call or a remote procedure 
call does not require any knowledge by the calling ob- 
ject of the internal methods or data of the called ob- s 
Ject In contrast, In a cooperative environment* where 
tasks are divided and processing of one task requires 
knowledge of the results of earlier tasks, knowledge 
of the objects across system boundaries are required. 
This requirement of knowledge can conrupt the impor- io 
tant characteristic of encapsulation. Thus, coordina- 
tion of cooperative processing may corrupt the very 
notion of encapsulation and independence of objects 
in an object oriented computing environment 

15 

Summary of the Invention 



It is therefore an object of the present invention 
to provide an Improved object oriented computing en- 
vfronmant 20 

It is another object of the present invention to pro- 
vide an object oriented computing environment which 
can operate In a cooperath^e processing environment 
while still maintaining object encapsulation and inde- 
pendence. 25 

These and other objects are provided, according 
to the invention, by allowing the object managers on 
each computing platform to communicate with each 
other in a cooperative manner, while allowing the ob- 
jects on the computing environments to communicate 30 
with each other using a remote procedure call which, 
as previously described, preserves the object orient- 
ed characteristics of data independence and encap- 
sulation. 

In particular, an object oriented cooperative data 35 
processing system according to the invention in- 
cludes a first object oriented computing environment 
executing on a first computing platform. The first ob- 
ject oriented computing environment includes a plur- 
ality of first objects and a first object manager. Si mi- 40 
larly, a second object oriented computing environ- 
ment executing on a second computing platform in- 
cludes a plurality of second objects and a second ob- 
ject manager for the second objects. A communica- 
tions network or other known means is used for con- 45 
necting the first computing environment and the sec- 
ond computing environment 

According to the invention, the first object man- 
ager indicates whether the first objects successfully 
performed messages from the second objects and so 
receives from the second object manager Indications 
of whether the second objects successfully per- 
formed messages from the first objects. Similarly, 
the second object manager indicates to the first ot>- 
ject manager, whether the second objects success- 55 
fully perfomied messages from the first objects and 
receives from the first object manager indicattons of 
whether the first objects successfully perfonmed 



messages from the second objects. It will be under- 
stood by those having skill in the art that the indicator 
may be provided by a "successful completion code" 
or by an "error code"* which indicates lack of success- 
ful performance. 

Thus, when performance of a method by a re- 
mote object as a result of cooperative processing, is 
important to the local object manager in order to pre- 
serve data integrity of the cooperative processing ap- 
plication, the local object manager will have knowl- 
edge of this successful performance even though the 
local objects themselves do not have knowledge of 
the successful perfomiance by the remote objects. 
The originating object manager can thereby preserve 
Integrity of the object oriented system by committing 
or rolling back the system In response to completion 
of specific tasks or fellure to complete specific tasks 
even though some of the tasks occurred outside the 
originating object oriented computing environment 
Cooperative data processing is thereby provided 
without impacting the basic object oriented character- 
istics of encapsulation and data independence. 

A particular implementation of an object oriented 
cooperathve data processing system according to the 
invention Includes a first local object manager on the 
first computing platform including means for directing 
action messages between the plurality of first objects 
on the first computing platform. Similarly, a second 
object oriented computing environment includes a 
plurality of second objects and a second local object 
manager including means for directing action mes- 
sages between the plurality of second objects. The 
first object oriented computing environment also in- 
cludes a client stub for identifying a first action mes- 
sage from one of the first objects which is directed to 
one of the second objects on the second platform and 
a first conversation server which is responsive to the 
client stub for transmitting a first action message to 
the particular second object 

The second object oriented computing^environ- 
ment includes a secon<(^qnver§aiipJL"sety^c^for de- 
termining whether the particular second object suc- 
cessfully performed the first action message and for 
providing to the first local object manager an indica- 
tion that the second object successfully performed 
the first action message. Similarly, the second object 
oriented computing envnronnrent Includes a second 
client stub for identifying a second action message 
from one of the second objects which is directed to 
one of the first objects. 

The second conversation server is responsive to 
the second client stub for transmitting the second ac- 
tion message to the first object. The first conversation 
server also Includes means for determining whether 
the first object successfully performed the second ac- 
tion message, and for providing to the second local 
object manager an indication that the first object suc- 
cessfully performed the second action message. 
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Thus, each local object manager becomes cognizant 
of successful performance by remote objects which 
are part of its cooperative processing task, and can 
coordinate its cooperative processing based on com- 
pletion or failure of completion of the remote task. 

In a preferred embodiment of the present inven- 
tion, each object manager Includes a unit of work 
manager for assigning units-of-work to selected ob- 
jects. As is known to those having skill In the art, a 
unit-of-work Is an object class including multiple unit- 
of-work objects and multiple unll-of-work instances. 
The unlt-of-work allows an object oriented system to 
manipulate, update, allocate and discard memory In 
terms of sets of objects and operations upon objects 
rather than by manipulating memory pointers as In 
traditional languages like C and Pascal. According to 
the invention, the first object manager further conv 
prises means for assigning selected ones of the first 
objects and selected ones of the second objects to a 
unit-of-work, and the indication providing means also 
provides to the first object manager a unit-of- work 
Identification associated with the second object along 
with the indication of whether the second object suc- 
cessfully performed the first action message. Simi- 
larly, the second object manager includes means for 
assigning selected ones of the first objects and se- 
lected ones of the second objects to a unit-of-work. 
and the indication providing means further comprises 
means for providing to the second object manager the 
unit of work identif Icatton associated with the second 
object along with the indication of whether the second 
object successfully performed the first action mes- 
sage. Thus, units-of-work can be spread across com- 
puting systems but managed by the unit-of-work man- 
ager In the originating system. Either unit-of-work 
manager may originate the unit-of-work instance. 

Brief Description of the Drawings 

Figure 1 schematically illustrates a hardware and 
software environment In which the present invention 
operates. 

Figure 2 schematically Illustrates components of 
an object oriented computing environment of Figure 
1. 

Figure 3 Illustrates a schematic block diagram of 
a remote procedure call. 

Figure 4 schematically illustrates remote proce- 
dure cail operation in an object oriented computing 
environment. 

Figure 5 schematically illustrates details of an 
object oriented remote procedure call stub. 

Figure 6 schematically illustrates independent 
calls between objects in an object oriented computing 
environment 

Figure 7 schematically illustrates a standalone 
unlt-of-work in an object oriented computing environ- 
ment. 



Figure 8 schematically Illustrates a business 
process unit-of-work in an object oriented computing 
environment. 

Figure 9 schematically illustrates how individual 
. 5 unlts-of-workmakeupanoverailchangetopersistent 
objects within a business process. 

Figure 10 schematically illustrates a generalized 
conversational or cooperative relationship between 
computing platforms. 
10 Figure 11 Illustrates an overall block diagram of 
an embodiment of the present Invention. 

Figure 12 Illustrates a detailed schematic dia- 
gram of an embodiment of the present invention. 
Figure 13-17 Illustrate detailed operations por- 
ts formed by cooperative object managers according to 
the present invention. 

Detailed Description of Prefenred Embodiments 

20 The present invention now will be described more 
fully hereinafter with reference to the accompanying 
drawings, in which preferred embodiments of the in- 
vention are shown. This invention may, however, be 
embodied in many different forms and should not be 
25 construed as limited to the embodiments set forth 
herein; rather, these embodiments are provided so 
that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like ele- 
30 ments throughout. 

Prior to describing the present invention, a gen- 
eral overview of an object oriented computing envir- 
onment will be desaibed. An overview of remote pro- 
cedure call processing will be provided followed by an 
35 overview of unit-of-work processing and cooperative 
processing. The present invention will then be descri- 
bed generally and specific implementations will be 
provided for describing the operation of the cooper- 
ative object managers according tothe present inven- 
40 tion. 

Object Oriented Computing Environment 

In an object oriented computing environment, 
46 work is accomplished by sending action request mes- 
sages to an object which contains data. The object 
will perform the requested action on the data accord- 
ing to its predefined methods. Objects may be group- 
ed into object classes which define the types and 
50 meanings of the data, and the action requests (mes- 
sages) that the objects in the class will honor. The In- 
dividual objects containing data are called "instanc- 
es" of the object. Object classes are defined to be 
subclasses of other classes. Subclasses inherit all of 
55 the data characteristics and methods of the parent 
class. They can add additional data and methods and 
they can override or redefine any data elements or 
methods of the parent class. 
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An object or object class is typically represented 
schematically by a circular or oval ring in which the 
center of the ring contains the frame (data structure) 
having slots, each of which contains an attribute of 
the data In the slot Sectors of the ring are used to In- 
dicate the object's methods which encapsulate the 
frame and may be used to perfonm actions on the 
data encapsulated In the frame of object instances. 

Referring now to Figure 1, a hardware and soft- 
ware environment in which the present invention op- 
erates win now be described. As shown in Figure 1, 
the present invention Is an apparatus and process for 
linking object managers for cooperative processing in 
an object oriented computing environment As shown, 
object oriented computing environments 13a, 13b op- 
erate on respective computer platfonns 14a, 14b. It 
will be understood by those having skill in the art that 
each ofcomputerplatforms 14a, 14b typically include 
computer hardware units 16a, 16b such as a central 
processing unit (CPU) 17a, 17b, main memory 18a, 
18b and an Input/output (I/O) interface 19a, i9b, and 
may include peripheral components such as a display 
terminal 21a, 21b, an input device 22a, 22b such as 
a keyboard or a mouse, nonvolatile data storage de- 
vices 23a, 23b such as mag netic or optical disks, prin- 
ters 24a, 24b and other peripheral devices. Computer 
platforms 14a. 14b also typically include microin- 
struction code 26a, 26b and an operating system 28a, 
28b. 

It will be understood by those having skill in the 
art that each computer platform 14 may comprise a 
plurality of central processing units. Conversely, 
computing platforms 14a and 14b may run on a single 
central processing unit 17a or 17b. It will also be un- 
derstood by those having skill in the art that the com- 
puting platforms 14a, 14b may each be mainframe 
computers, minicomputers or workstations. In a typi- 
cal scenario, computing platfonm 14a is a workstation 
and computing platform 14b is a host or mainframe 
computer. 

As one example, each computing platform 14a 
and 14b may be a computer having an IBM System 
370 architecture. Operating systems 28a, 28b may be 
an IBM multiple virtual storage (MVS) operating sys- 
tem. Object oriented computing environments 13a, 
13b are preferably written in Intermediate C, which is 
an object oriented dialect of the C computer program- 
ming language and is simitar to the C + + computer 
programming language. The design and operation of 
computer platfomns and object oriented computing 
environments are well known to those having skill in 
the art and are described, for example in U.S. Patents 
5,161,225 to Abraham et al. entitled Persistent 
Stream for Processing Time Consuming and Reus- 
able Queries in an Object Oriented Database Man- 
agement System; 5.151 ,987 to Abraham etal. entitled 
Recovery Objects in an Object Oriented Computing 
Environment; and 5,161.223 to Abraham entitled Re- 



sumeable Batch Query for Processing Time Consum- 
ing Queries in an Object Oriented Database Manage- 
ment System, all assigned to the assignee of the pres- 
ent Invention, the disclosures of which are hereby In- 

5 corporated herein by reference, and in numerous 
textbooks such as Object Oriented Software Con- 
struction by Bertrand Meyer, published by Prentice 
Hall In 1988, the disciosure of which Is hereby Incor- 
porated herein by reference. 

10 Referring now to Figure 2, which is a reproduction 
of Figure 5 of the aforesaid U.S. Patent 5,161,225 to 
Abraham et al., the main components of an object ori- 
ented computing environmental 3a. 13b Figure 1) will 
be described. Adetalled description of the design and 

IS operation of an object oriented program is provided In 
"Object Oriented Software Construction", by Ber- 
trand Meyer, published by Prentice Hall In 1988, the 
disclosure of which is incorporated herein by refer- 
ence. 

20 Referring to Figure 2, each object oriented com- 
puting environment 13a, 13b includes three primary 
components: a Messenger 51, an Object Manage- 
ment Table 52 and a Loaded Classes Table 53. The 
Messenger 51 controls communication between call- 

25 ing and called messages. Object Management Table 
52 and Loaded Classes Table 53. Object Manage- 
ment Table 52 contains a list of pointers to all acth^e 
object instances. The Loaded Classes Table 53 con- 
tains a list of pointers to all methods of active object 

30 classes. 

Operation of the object oriented computing envir- 
onment 13a, 13b now be described for the example 
illustrated in Figure 2, In which Method A (block 54) 
of an object sends a message to Method B (block 55) 

35 Of an object Method A sends a message to Method 
B by calling Messenger 51 . The message contains (1) 
an object reference of the instance to receive the 
message, (2) tfie method the object instance is re- 
quested to perform on the data it encapsulates, and 

40 (3) any parameters needed by the receiving method. 
Messenger 51 obtains a pointer to the data frame 56 
of the Instance object specified by Method A, by 
searching Object Management Table 52 for the in- 
stance object. If the specified instance object cannot 

45 be found. Object Management Table 52 adds the in- 
stance object to the table and calls the instance to ma- 
terialize its data from the database. Once in the in- 
stance table, Object Management Table 52 returns 
the pointer to the materialized instance object 

50 Messenger 51 then obtains thie address of Meth- 
od B from the Loaded Classes Table 53. If the in- 
stance's class is not loaded, the Loaded Classes Ta- 
ble 53 will load it at this time to materialize Its data. 
The Loaded Classes Table 53 searches for the spe- 

55 clf led method (Method B) and returns the address of 
the method to Messenger 51. 

The Messenger 51 then calls Method B, passing 
it a system data area and the parameters from the call 
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made by Method Aincluding the pointer. Method B ac- 
cesses the data frame 56 using the pointer. Method 
B then returns control to the Messenger 51 which re- 
turns control to Method A. 

When one object needs to Invoke the method(s) 
of another object, it sends the target a message re- 
questing that a certain method be perfonned on (or 
with) the target object's data. This behavior may 
cause other message(s) to be emitted, expanding the • 
overall behavior that Is executed. Each message is 
comprised of the object and action to be exercised, 
and is known as an object-action message. 

When data that is accessible by multiple objects 
is processed, the state of that data, within the context 
that the user has defined, must be managed. Data 
must be recoverable In the same context that It Is 
used. If an update to data that is contextuaily related 
to other data falls, then prior updates to related data 
may be contextuaily Invalid and must be undone to 
the state that existed prior to their update Contextu- 
aily related data is managed by what is known as a 
Unit-of-Work. Data that has completed all state 
changes in a contextual relationship must be commit- 
ted to the data base. When an error occurs, data must 
be recovered, or rolled back to the original state. 

Remote Procedure Call (RPC) Processing 

The procedure call (also referred to as a function 
call or subroutine call) is a well-known technique for 
transferring control to a separate process, with a re- 
turn of control to the caller. The result of the call, or 
behavior. Is then available to the caller. Associated 
with the call, is a set of arguments that are passed 
from the caller, or dlent. to the callee. or server. Usu- 
ally, there are return values, representing the behav- 
ior result, which are returned from the called proce- 
dure. 

Typically the caller and cailee are within the same 
process on a given computing platfonnn. These calls 
are known as local procedure calls. When the caller 
and callee are not in the same process or on the same 
platform, a different type of mechanism must be 
used. This mechanism is known as a Remote Proce- 
dure Call, or RPC. 

In an object-oriented computing environment, a 
call results In a message, from one object to another, 
containing a request for an action to be performed on- 
/wrth the target object With RPC, this relationship is 
maintained, with the message delivered to a remote 
object for execution. The RPC mechanism employs 
the use of stubs to provide the Isolation of the target, 
or server location. 

Refening now to Figure 3, a schematic block di- 
agram of a remote procedure call is illustrated. As 
shown, a client routine 101 in the client (originating) 
process 1 02 calls a local procedure, termed the client 
stub 1 03. The client stub appears to the client process 



as the actual server process that it wants to call. The 
clientstub packages the call arguments for the call to 
the remote server process. The packaging and trans- 
formation of the arguments Into network fonfnat 

5 streams is known as "marshalling". Thus, the client 
stub 103 builds a packet containing the object-action 
message to be routed to the remote procedure (ob- 
ject). The marshalled straam(s) are sent to network 
routines 104 in the local platform's communications 

10 subsystem 1 05. The communications subsystem ser- 
vices 106 transport the marshalled streams to the re- 
mote network routines 107 in the remote platform's 
communication subsystem 108 using networking 
mechanisms, 

is The remote network routines 107 route the mes- 
sage to the serverstub 109 of the called process. The 
server stub 109 perfomrts the decomposition of the 
network steams (packeted message) Into the argu- 
ments and format required by the server process. 
20 This transformation and decomposition is known as 
"unmarshailing". The server stub 109 then calls the 
server routines 110 In server process 111, passing 
the arguments. The server process 111 Is executed, 
producing the result, which is returned to the server 
26 stub 1 09. The server stub 109 marshals the returned 
result into one or more network format streams, and 
sends them back to the networking routines 107 in 
the remote communications subsystem. 

The communications subsystem 106 and net- 
30 work transport mechanisms route the return back to 
the originating system 105 and the clientstub 103. Fi- 
nally, the client sub 103 unmarshais the return, and 
returns the results to the client process 101. Thus, 
this process appears to the client process to be a nor- 
35 mal procedure call to another local process. 

Figure 4 illustrates a remote procedure call oper- 
ation in an object oriented computing environment. 
The client object 102' sends a message by issuing a 
call, which is received by the object manager. The ob- 
40 ject manager captures the acUon request as part of 
the unit-of-work, and detennnines that the server ob- 
ject's affinity is local to the client object. The message 
Is then sent to the local server object for execution. 
If the object manager had detemiined that the 
45 server object had remote affinity, the message is sent 
to a client method stub 103'. where remote procedure 
call functions to marshall and transmit the message 
are executed, to send the message to the remote in- 
stance of the server object (not illustrated). When the 
50 remote server object is completed, its behavtor is re- 
turned back to the client object, using the remote pro- 
cedure call mechanism. The client object remains un- 
informed of the location of the server object. Thus, en- 
capsulation is retained. 
55 Figure 5 illustrates details of the object oriented 
RPC stub of Figure 4. When an action request mes- 
sage is received by the stub, the arguments and In- 
stance identifiers must be marshalled into a commu- 
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nicatlons message. This is typically accomplished by 
native remote procedure call routines accessed by 
Network Information Definition Language (NIDL) 
statements, which define the action request message 
to the remote procedure call routines. The marshalled 6 
message is then sent, or exported, to the server stub 
on the remote computer. The server stub reverses the 
marshalling and sends the message to the server ob- 
ject The server object returns the behavior to the ser- 
ver stub, which returns the behavior to the client stub. io 
The client sub imports the behavior, and returns the 
behavior to the client object. 

In an object-oriented computing environment, the 
object-to-object call mechanisms require a connec- 
tioned, or synchronous relationship, implying a syn- is 
chronous relationship across the communication link- 
age. See Figure 6. When an object calls another, the 
two objects are synchronously related because of the 
call mechanism. If the two objects are on different 
platforms, and the call Is performed using RPC, this 20 
same relationship is maintained. 

When multiple object-to-object calls are active at 
the same time, these calls are independent of each 
other. This fact, when placed In a communications re* 
lationship, results in many independent or concurrent 25 
threads of processing, each requiring its own commu- 
nications session and management. In RPC this is 
performed by a dlent and server. These multiple ses- 
sions may be compressed into the same communica- 
tions path, but each is managed as an individual ses- 30 
sion. 

Unit-of-Work Processing 

A major advancement in preserving data integrity 35 
of object oriented computing environments is the 
"unit-of-work". The unit-of-work is an object class in- 
cluding multiple unit-of-work objects and multiple 
unit-of-work instances. The unit-of-work allows the 
object oriented database system to manipulate, up- 40 
date, allocate and discard memory in terms of sets of 
objects and operations upon objects, rather than by 
manipulating memory pointers as in traditional lan- 
guages like C and Pascal. 

The unit-of-work and its operation are described 4S 
in detail in Application Serial No. 07/425,607 to Abra- 
ham et al., filed October 23. 1989, entitled Unit-of- 
Work for Preserving Data Integrity of a Database, and 
assigned to the assignee of the present invention, the 
disclosure of which Is hereby incorporated herein by so 
reference. As described therein, the object manager , 
includes a unit-of-work manager. The unit-of-work 
manager assigns a unit-of- work instance to each task 
to be performed by copying the objects which are to 
be processed during a database task into a unit-of- 55 
work instance. Aversion of the object instances in the 
unit-of-work instance, referred to as a unit-of-work 
level. Is created for each step in the task. Each unit- 



of-work level for a task includes a copy of the objects 
which are to be modified by the task. Each step In the 
task is controlled to modify the object comprises In 
the associated unit-of-work level, rather than the ot>- 
jects themselves. The unit- of-work class also in- 
cludes associated methods for "commit", ^'discard", 
"new", "notify", •Vollback", "start" and "switch". These 
methods allow the unit-of- work instance to be ma- 
nipulated as a whole to ensure integrity. 

As described above, an object oriented comput- 
ing environment typically includes an object manage- 
ment table which Is used to keep track of all the ob- 
jects which are cunently being used. The use of an 
object management table in connection with the unit- 
of- work is described in Application Serial No. 
07/602,442 filed October 23, 1990 to Shackelford et 
al. entitled A Messenger and Object Manager to Im- 
plement an Object Oriented Environment, assigned to 
the assignee of the present invention, the disclosure 
of which is hereby incorporated herein by reference. 
The object management table is used to manage the 
creation of new unit-of-work instances and to manage 
the creation of new unit-of-work levels within a unit- 
of-work instance. Switching, commits and rollbacks of 
unit-of-work levels and instances are also managed. 

When a logical segment of contextual processing 
completes, all of the objects (data) that have been up- 
dated must be written to persistent storage, as shown 
in Figure 7, This means that the work Is to be commit- 
ted, or completed. Once this data has been commit- 
ted, recovery is no longer possible on the data that 
changed. When this happens, the processing is con- 
sidered completed. This sequence is called a unit-of- 
work, or logical unit-of-work. 

Logical unit-of-works that are associated contex- 
tually into a business process, must be also managed 
by the contextual process unit-of-work to assure re- 
covery and data integrity across the entire context of 
the business process. See Figure 8. When used in a 
business process, each unit-of-work must be associ- 
ated with the context in which it is used. This context, 
with the event and result, Is what defines the business 
process. Business processes may be executed 
across distributed processors. Logical unit-of-work 
may not See Application Serial No. 08/009,170 to 
Eider et al. entitled Business Process Objects in an 
Object Oriented Computing Environment (Attorney 
Docket AN9-92-003), assigned to the assignee of the 
present Invention, the disclosure of which is hereby 
incorporated herein by reference. 

The logical unit-of-work Is the atonic unit for dis- 
tribution of a process. Management of each stand- 
alone logical unit-of-work must be accomplished at 
the object manager level on each of the distributed 
platfonms. 

In a cooperative or distributed computing envir- 
onment, a logical unit-of-work may be required to 
span communications and processing boundaries. 
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This greatly increases the complexity of unlt-of-work 
and recovery of data shared across these boundar- 
ies. Figure 8 shows a Business Process that Is capa- 
ble of a spanned or shared unrt-of-work. whose con- 
text must be maintained. 

For example, when a workstation acts as a coop- 
erative processor, it by nature will be asked to proc. 
ess those data objects that deal with the user inter- 
face, navigation, sequencing and selection of man- 
agement of the user direction. Enterprises will require 

certain actions on certain objects to be performed in 
a repetitive manner, such that a managed process is 
available, driven from the user interface. The notion 
of a business process implies that any given object- 
action In that process now has a relationship to other 
object-actions in that rspeatable process. The proc- 
ess has imposed a contextual relationship between 
the objects and the changes that may take place with 
those objects. This process, or contextual unit must 
be managed for recovery and integrity, 

Cooperatwe or distributed processing requires 
that the process be divisible along process boundar- 
ies that can allow the management of the logical unlt- 
of-work. if these data integrity boundaries are ignor- 
ed, data distribution becomes Impossible and dan- 
gerous to the data. 

The logical unit-of-work of a persistent object 
(data), is keyed upon certain changes of state of that 
persistent object. That logical unit-of-work can stand 
alone if that persistent object is used alone. When a 
persistent object is used in context with other persis- 
tent objects in a procedural (business process) se- 
quence, then It becomes a part of a larger overall 
process unit-of-work (PUW). Changes to any persis- 
tent object in that process unit-of-work must maintain 
the context of change to the overall business process. 
If not. a data integrity exposure exists, since the busi- 
ness process data is out of sync. Figure 8 and Figure 
9 show the relationship between a business process 
and the contained logical unit-of-work. 

As shown in Figure 9. the individual units- of- 
work make up an overall change to the persistent ob- 
jects when within the context or behavior of the busi- 
ness process. This overall change of state must be 
managed as a recovery constraint in process unit-of- 
work management processes. For example, the 
change to any individual object may not be in context 
with the overall context. All associated object instan- 
tiations for a business process mustremabi in context 
(synchronized), or the process unit-of-work has been 
violated, and a data integrity problem exists. 

Recovery to both process unit-of-work and logi- 
cal unit-of-work boundaries is based on the structure 
of the business pfocess(es) represented by the proc- 
ess unit-of-work that was being perfonmed at the time 
of the fal lure. For example, In the CICS environment, 
nested business process(es) must execute as a sub- 
task of the parent business process. In that context, 



a nested business process may fall without terminat- 
ing the parent task. Therefore, the parent task, 
through business process logic definitions, must 
manage the effect on itself. For example, recovery 
5 with restart within a PUW is to the completed state of 
the last successful LUW/PUW. A failed LUW within a 
parallel PUW would cause the failed LUW to recov- 
er/restart until completed, or fall the PUW with the 
LUW failure code, and return that code back to the 
10 parent (spawning) PUW for analysis and action. The 
parent PUW would then have to either abort (i.e, ter- 
minate with rollback) the failed PUW or decided to re- 
start it 

There are numerous recovery operations and im- 
15 plications based on the type of failure/recovery capa- 
bilities and or support. These Implications deal with 
resource management capabilities provWed as a re- 
sult of implementation of the unit-of-work support. 
Other platforms may have different Implteatlons. 

20 

Cooperative Processing 



Cooperative processing occurs when two or 
more computing platforms cooperate to accomplish a 
25 task. Cooperative processing has been implemented 
in many ways. It is recognized as one of the many 
ways of Increasing performance or processing ca- 
pacity. However, there is more to cooperative proc- 
essing than merely splitting up the work and spread- 
30 ing It around a network. Cooperative processing Is a 
specialized form of Distributed processing. It requires 
a greater degree of interlocking of the process and 
the mechanisms that are used to provide the cooper- 
ative interconnections. Any splitting of the work must 
35 be at a point capable of synchronization of the LUWs 
being cooperatively processed. 

For cooperative processing in an object oriented 
computing environment, an object manager must ex- 
ist on both sides of the cooperative interconnection, 
40 and must have the capability to manage a processing 
unit-of-work that has components on both sides of the 
interconnection. Unit-of-Work recovery and commit 
must be such that a cooperative unit-of-work is not 
completed until all components are completed In the 
4$ intended context of the LUW. 

The design of any cooperative processing imple- 
mentation, whether from host to workstation, or host 
to host, must be based upon the premise that the two 
segments of the system are aware of each other, and 
50 have the capability to determine their work flow and 
capabilities. The two participants must communicate 
information and status that is shared across the work 
being performed, in order for this information to flow 
properly and allow coordination of work, this commu- 
66 nication must follow a conversattonal communica- 
tions relationship. 

The generalized conversational, or cooperative 
relationship, as shown in Figure 10, allows forfunc- 
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tion-to-function communications, whether though 
networking, or on the same computing platform. Con- 
versations are between cooperating functions. Ao- 
cordingly, these functions must be aware that they 
are cooperative. This Is different than function using 
the call relationship, where the caller and the callee 
are not contextualiy aware (I.e., they do not know who 
or what calls them) of each other, and are generally 
considered to be connectionless, or Independent. 

Cooperative functions are designed to be coop- 
erative. They have knowledge that a peer exists that 
can be used to assist In processing, and they are 
aware that that peer may request processing. In other 
words, cooperative processing implies that two or 
more processors are cooperating to perfon^i the In- 
tended function. Since there Is cooperation, this Im- 
plies that each process Is cognizant of the other proc- 
essors, and that they are in coordination with each 
other. These two implications are supported by a con- 
versational communications relationship between 
processors. As shown by reference number 122, the 
friend (cooperative function) answers, and the oper- 
ator presents the request to the friend. 

The data flow in a generalized conversational 
model Is illustrated in Figure 10. As shown at 121, a 
function initiates, or requests a conversation with an- 
other cooperative function, using the conversational 
syntax of the communications subsystem. This is 
analogous to caliing a friend on the telephone, per- 
son- to-person, using an operator. As shown at 122, 
the friend (cooperative function) answers, and the 
operator presents the request to the friend. The co- 
operative function then either accepts (binds) or re- 
jects the request for the conversation (like people, 
functions can reject the conversation). As shown at 
123. once the conversation is accepted by both par- 
ties (bound), the operator (network management log- 
ic) makes the connection, and the conversation be- 
gins. 

According to the agreed-to terms of the conver- 
sation, information now begins to flow on the bound 
session (conversation). The conversation (depending 
on the agreement), can be in both directions (duplex) 
or one way at a time (simplex). Like the phone call 
analogy, the operator (network controls) can monitor 
the call for enrors, invalid (outside the agreement) ex- 
changes, or for a notification from either of the par- 
ticipants that the conversation is completed. Finally, 
as shown at 124, the network transportation mecha- 
nism (analogous to the phone system) manages the 
connectivity and flow of the conversation. This allows 
many conversations on a single wire. 

Object Oriented Cooperative Processing Using 
Linked Object Managers 

in the object oriented paradigm, applications are 
sets of objects. These objects share their infomiation 
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and behavior by calling other objects, in some coor- 
dinated overall behavior (either by a user action or 
business process) to accomplish the desired effect on 
the data (nomnally termed a unit-of-work). These calls 

5 are Independently processed by an object manager 
that performs the control, recovery, and routing man- 
agement of these object-to-object messaging calls. 

Figure 11 illustrates an overall block diagram of 
the present Invention. As shown, when a conversa- 

10 tional, cooperative processing management capabil- 
ity is added to the object-to-object call relationship, a 
standardized, portable, object oriented cooperative 
Interface can be achieved, which will enable the con- 
textual management of the object-to* object calls 

15 within a unit-of-work. The object manager, as the ob- 
jects agent. Is the processor that must be made co- 
operative if the overall application process (object-to- 
object object-action message calls) is to be made co- 
operative. The object managers must also coordinate 

20 the overall processing context between them using 
the conversation established. 

Since the call relationship, supported by the con- 
nectionless remote procedure call, is used In conjunc- 
tion with the cooperative object managers, the ob- 

26 jects themselves, however, remain Ignorant of the 
whereabouts of any given target object, and remain 
contextualiy independent The object manager-to-ob- 
ject manager coordination will be Implemented using 
a conversational relationship, utilizing conversational 

30 server stubs, acting in conjunction with the remote 
procedure call relationship used to route and manage 
the object-to-object message calls targeted to remote 
objects. 

It will be understood by those having skill in the 
35 art that cooperative function (processing) distribution 
may be varied, based on the processing capabilities 
of the cooperating participants. For example, a LAN- 
connected workstation has much more processing 
capability than a workstation that simply provides the 
40 user Interface. More functbn can be distributed to the 
LAN-connected workstation. 

Linking of Object Managers for Cooperative 
Processing 

45 

Referring now to Figure 12, linking of object man- 
agers for cooperative processing in an objectoriented 
computing environment according to the present in- 
vention will now be described. As shown in Figure 12, 

60 two object oriented computing environments 1 3a and 
13b are shown. It will be understood that each object 
oriented computing environment 13a, 13b executes 
on a first and second computing platform 12a. 12b re- 
spectively (Figure 1). The first object oriented com- 

55 puting environment includes a plurality of first objects 
201 a, 202a and 203a and the second objectoriented 
computing environment 13b Includes a plurality of 
second objects 201 b, 202b. For purposes of clarity. 

9 



17 



EP 0 623 876 A2 



18 



the objects in object oriented computing environment 
1 3a are referred to as "local objects" whereas the ob- 
jects on computing environment 13b are refenred to 
as "remote objects". However, the objects are all con- 
ventional objects which execute on their respective 
computing platform, with the terms "local" and "re- 
mote" referring to the specific object's affinity to the 
object manager and remote procedure call which will 
be described below. When a remote procedure call 
originates from computing platform 13b then objects 
201b and 202b are local objects and objects 201a, 
202a. and 203a are remote objects. 

Still referring to Figure 12, each object oriented 
computing environment 13a. 13b includes a cooper- 
alive object manager 209a. 209b respectively. Each 
cooperative object manager Includes a local object 
manager 204a. 204b for directing action messages 
between its respective objects 201 a. 202a. 203a. and 
201b. 202b. A communications network 12 is also in- 
cluded for communicatively connecting the first ob- 
ject oriented computing environment 1 3a and the sec- 
ond object oriented computing environment 13b. 

As shown in Figure 12. each cooperative object 
manager 209a. 209b Includes an object manager cli- 
ent stub 205a, 205b for identifying a first action mes- 
sage from an associated object which is directed to a 
remote object. Thus, client stub 205a identifies mes- 
sages from objects 201 a, 202a. or 203a which are di- 
rected to objects 201b or 202b. Similarly, client stub 
205b identifies messages from objects 201 b or 202b 
which are directed to objects 201a, 202a, or 203a. 
Similarly, each cooperative object manager includes 
an object manager server stub 206a, 206b, which un- 
marshals messages from objects outside its own 
computing platform and converts these messages to 
the local syntax and directs these messages to the 
appropriate object on its own computing platfonn. 

Each object oriented computing environment 
13a. 13b also includes a conversation server 207a, 
207b respectively. The conversation server allows lo- 
cal object manager to local object manager cooper- 
ative communication, by determining whether a local 
object which is called by a remote object has success- 
fully performed the action message from a remote 
object which called It, and provides the local object 
manager an indication whether the action message 
has been performed successfully. Thus, the local ob- 
ject manager can keep track of changes In remote ob- 
jects which are associated with a unit-of-work which 
is controlled by the local object manager and thus im- 
plement cooperative processing. 

Operation of cooperative processing using the 
system of Figure 12 will now be described. For pur- 
poses of this example, it will be assumed that local ob- 
ject manager 204a initiates a conversation with re- 
mote object manager 204b, and therefore the terms 
"local object manager" and "remote object manager" 
will be used. However, It will be understood by those 



having skill In the art that initiation can also come 
from object manager 204b to object manager 204a so 
that object manager 204b acts as a local object man- 
ager and object manager 204a acts as a remote ob- 
s ject manager. 

Cooperative processing begins when a cooper- 
ative object manager. 209a, Initiates or requests a 
conversation with another cooperative object man- 
ager 209b using the conversational syntax of the 
to communications network 1 2. The remote cooperative 
object manager 209b responds and accepts or re- 
jects the request for the conversation. 

Once the conversation Is accepted, the commu- 
nications services objects for the conversational 
IS communications driver establishes the session and 
the conversation begins. The conversation occurs in 
both directions simultaneously to fully support the in- 
dependent call requirements of the object-to-object 
remote procedure call messaging and to support the 
20 cooperative object manager to cooperative object 
manager unlt-of-work and recovery messages. The 
communicatfon services conversational drivers mon- 
itor the session for errors and network failure. The 
conversations between the cooperative object man- 
26 agers 209a and 209b consist of the message re- 
quests of the remote procedure calls which are being 
sent and received by the cooperative object manager 
client and server stubs 205a, 205b and 206a, 206b. 
Thus, as shown in Figure 12, the conversation server 
30 207a, 207b directly communicates to the associated 
local object manager 204a. 204b, the message re- 
quests of the remote procedure calls which are sent 
and received by the cooperative object manager cli- 
ent and server stubs 205a, 205b and 206a. 206b. 
35 The remote procedure call flow of Rgure 12 Is 
similar to that already described in connection with 
Figure 3. In particular, for a remote procedure call 
which is directed from object oriented computing plat- 
form 13a to object oriented computing platform 13b. 
40 a local object such as object 201a sends a message 
to local object manager 204a, directed to another ob- 
ject which is not on computing platform 13a. Object 
manager 204a calls client stub 205a. The client stub 
appears to the client process at the actual server 
45 process that It wants to call. The client stub 205a 
marshals the call arguments for the call to the remote 
server process. Thus, the client stub 205a builds a 
packet containing the object-action message to be 
routed to the remote object The marshalled streams 
50 are then sent to conversation server 207a which 
routes the stream to conversation driver 208a and to 
communications network 12 using networking mech- 
anisms. 

The remote network conversation driver and con- 
65 versatlon driver 208b and 207b route the message to 
the server stub 206b of the remote object oriented 
computing environment 13b. The server stub 206b 
performs the unmarshalling of the network streams 
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into the arguments and fonmats required by the ser- 
ver process. The server stub 206b calls the appropri- 
ate object such as object 202b via the local object 
manager 204b. The remote object 202b performs the 
method on the data and returns the results to the ser- 
ver stub 206b. The server stub 206b marshals the re- 
turned result Into one or more network formal 
streams and sends them back to the networking rou- 
tines via conversation server 207b and conversation 
driver 208b, The communications network 12 and 
network transport mechanisms 208a and 207a route 
the return back to the originating system and to the 
client stub 205a. Finally, client stub 205a unmarshais 
the return and returns it to the client object 201a. 
Thus the process appears to the client object 201a to 
be a normal procedure call to another local process. 

Detailed Implementation of Cooperative Object 
Processing 

Referring now to Figures 13-17, detailed opera- 
tions performed by cooperative object managers 
209a, 209b of Figure 12 according to the present in- 
vention wtil now be described. 

Refenrfng now to Figure 13, operations per- 
fonned for nomiai (nonco-operative) object manager 
operation will now be described. This relationship be- 
tween objects is totally independent of the relation- 
ship between any other objects, and follows the call 
model. All messages are originally Initiated by a user 
selection. At Block 302, a messager (sometimes 
named a messenger) receives and routes an object- 
action message from an object 201 a, 202a or 203a to 
the object manager 204a. The object manager 204a 
determines the state of the target object, and ensures 
that the instance is materialized. The object manager 
then routes the message to the target object at Block 
303. The target objecfs method executes the mes- 
sage, and returns the result, If any, In the message 
at Block 304. The object manager 204a returns the 
message to the originating object At Block 305, If the 
session is continued, another object and action Is se- 
lected which initiates another object-action message 
to the object manager. Processing of Block 301 Is re- 
peated. Alternatively, if the user ends the session, all 
work performed must be committed to the database 
at Block 306. 

Referring now to Figure 14, in a cooperative en-, 
vironment, the object manager must detenmlne not 
only the state of an object, but if s affinity (proximity 
to the processing object manager) and location. In or- 
der to coordinate work (modification to objects) that 
are in different locations, the owning object manager 
(local proximity to the originating object) must be no- 
tified of any modifications done to objects on ifs be- 
half. 

Referring to Block 310, the affinity of the target 
object is determined by attributes of the object/class. 
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Affinity is an Instantiated object's location with re- 
spect to the processing object Image. Affinity is used 
to determine whether the message must be routed 
outside of the local computing environment. The 

5 processing state of the object is determined so that 
state changes can be detected. The processing state 
of an object is its measurement of change. For exam- 
ple, when an object Is Instantiated, no change in its 
data can have taken place. However, If a method has 

10 been executed, the object's "processing state" has 
changed, and this information must be recorded. At 
BJock 311 , the recorded (last) state of the object is ac- 
cessed, and at Blod< 312, the new (current) state is 
compared. If they are different, the "processing state* 

15 of the object has changed. Each change must be re- 
corded, in the sequence it was performed. In the 
event of a rollback, these "states" must be undone in 
the reverse order, to restore the original state. 

If the processing state (Ifs data) of the target ob- 

20 ject has changed (Block 312), the unit-of-workfor that 
user session must be updated (Block 314) to reflect 
that change so that the object's context (point In proc- 
essing) IS known. This update will be described In Fig- 
ure 15. If the slate has not changed, the affinity of the 

25 object (Block 315) Is used to route the message to the 
object (Blocks 31 6, 31 7). If the object is not local , net- 
working facilities would be used to route the mes- 
sage. If the object Is local, normal message delivery 
is used. 

30 Referring now to Figure 1 5, the unlt-of-work for a 
user session must be updated whenever an object's 
state changes in the contextof that session. This must 
be done for cooperative processing as well, and must 
be managed independently of object-to-object mes- 
as saging. As shown in Figure 1 5, the affinity (location) 
of the object whose state has changed is used at 
Block 320 to determine the location of the unit-of- 
work processing synchronization and context man- 
agement. For example, if the object's affinity Is local, 
40 the local unit-of-work is assumed to be in control, and 
is updated at Block 321. 

If the object has a remote affinity, the remote 
unit-of-work must be notified to synchronize the con- 
text management. To do this, a cooperative (conver- 
46 sational) session between the object manager of the 
remote object and the local (processing) object man- 
ager is established (Block 323) if one does not al- 
ready exhibit (Block 322). A UOW update message is 
sent to the remote object manager using the cooper- 
50 ative session at Block 324, providing the update Infor- 
mation for unit-of-work context management The 
UOW update message indicates successful comple- 
tion of the message by the remote object. For exam- 
ple, the UOW update message may be configured as 
55 an object-action message, in the context of the UOW, 
as follows: 

From:OM"rTOOM"2": 
REF: -UOW £123": 

11 
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•OBJECT INSTANCE ABC, METHOD 

DBF 

WAS SUCCESSFUL": OWr 
would then update its UOW table for UOW "123" to in- 
dicate that the method "DEF" had executed against 
object instance "ABC". This represents a "state 
change^* for "ABC. Both 0M"1" and 0M"2" would in- 
clude UOW "123" in their respective UOW tables, as 
well as an indication of those object ID'S which were 
processed. This information is typically part of exist- 
ing UOW management 

An acknowledgement of the remote UOW update 
is received at Block 325, and the local object manager 
updates the object's state, for example to show that 
the object's data was checkpointed. If the update was 
successful (Block 326). normal object manager proc- 
essing is resumed (Block 313). If the update was un- 
successful, the modification must be undone, or the 
data for the object rolled back to its's previous state. 
See Block 327 and Figure 16. 

Referring now to Rgure 16, operations for coop- 
erative UOW rollback will now be described. The af- 
finity (location) of the object whose state has changed 
is used to determine the location of the Data manage- 
ment services processing unit at Block 330. For ex- 
ample, If the objeces affinity is local, the local data 
management services Is assumed to be In control and 
rollback occurs at Block 331. If the object has a re- 
mote affinity, the remote unit-of-work must be noti- 
fied to synchronize the context management. To do 
this, a cooperative (conversational) session between 
the object manager of the remote object and the local 
(processing) object manager is established at Block 
333 if one does not already exist (Block 332). A roll- 
back message is sent to the controlling unit-of-work 
for context update(s) at Block 334. An acknowledge- 
ment of the remote UOW update is received at Block 
335, and the local object manager updates the ob- 
jects state, for example to show that the object's data 
was rolled back to the last checkpoint). If the rollback 
was successful (Block 336). object manager process- 
ing is resumed according to the context defined for 
the unit-of-work. For example, a message Is sent to 
the user at Block 338 and thefailed process is retried 
at Block 340. If the rollback was unsuccessful (Block 
336), error recovery must be performed according to 
the controlling unit-of-work context. For example, an 
error message is set to the user (Block 337) and the 
UOW is aborted (Block 339). 

Refen-ing now to Figure 17, operations to commit 
a cooperative UOW (Block 306 of Figure 13) will now 
be described. At Block 351. the affinity (location) of 
the object whose slate has changed is used to deter- 
mine the location of the data management services 
processing unit If the object's affinity is local, the lo- 
cal data ntanagement services is assumed to be in 
control and the conunit is perfomned at Block 352. If 
the object has a remote affinity, the remote unit- of- 
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work must be notified to synchronize the context 
management To do this, a cooperative (conversa- 
tional) session between the object manager of the re- 
mote object and the local (processing) object man- 

5 ager is established (Block 354) If one does not al- 
ready exist (Block 353). A commit message is sent to 
the controlling unit-of-work for context update(s) at 
Block 355. An acknowledgement of the remote UOW 
update is received at Block 356, and the local object 

10 manager updates the object's state, for example to 
show that the object's state was rolled back to the last 
checkpoint If the commit was successful (Block 357). 
object manager processing Is resumed (Block 327) 
according to the context defined for the unit-of-work. 

15 For example, the next process is started. If the com- 
mit was unsuccessful. Block 340 error recovery must 
be performed according to the controBIng unit-of- 
work context For example, the unit-of-work Is abort- 
ed. 

20 

Claims 

1. An object oriented cooperative data processing 
26 system comprising: 

a first computing platform; 
a first object oriented computing environ- 
ment executing on said first computing platform, 
said first object oriented computing environment 
30 comprising: 

a plurality of first objects, each in- 
cluding associated data and at least one method; 
and 

a first object manager including 
35 means for directing action messages between 
said plurality of first objects; 

a second computing platform; 
a second object oriented computing envir- 
onment executing on said second computing 
40 platform, said second object oriented computing 
environment comprising: 

a plurality of second objects, each 
Including associated data and at least one meth- 
od; and 

45 a second object manager including 

means for directing action messages between 
said plurality of second objects; and 

means for communicatively connecting 
said first computing environment and said sec- 
50 ond computing environment; 

said first object manager further compris- 
ing: 

means for identifying a first action 
message from one of said first plurality of objects 
65 which is directed to one of said second plurality 
of objects; and 

means, responsive to said identify- 
ing means, for transmitting said first action mes- 
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sage to said one of said second objects via said 
connecting means; 

said second object manager further com- 
prising: 

means for determining wiiether s 
said one of said second objects successfuity per- 
formed said first action message; and 

means, responsive to said deter- 
mining means, for providing to said first object 
manageran Indication of whether said one of said io 
second objects successfully perfonmed said first 
action message. 

2. The object oriented cooperative data processing 
system of Claim 1 wherein said second object is 
manager further comprises: 

second means for identifying a sec- 
ond action message from one of said second 
plurality of objects which is directed to one of said 
first plural ity of objects; and 20 

means, responsive to said second 
Identifying means, for transmitting said second 
action message to said one of said first objects 
via said connecting means; and wherein said first 
object manager further comprises: 25 

second means for determining 
whether said one of said first objects successful- 
ly performed said second action message; and 

second means, responsive to said 
second determining means, for providing to said 30 
second object manager an indication of whether 
said one of said first objects successfully per- 
formed said second action message. 

3. The object oriented cooperative data processing 35 
system of Claim 1 wherein said first object man- 
ager further comprises means for assigning se- 
lected ones of said first objects and selected 
ones of said second objects to a unit-of-worl<; and 
wherein said second providing means further 40 
comprises means for providing to said first object 
manager a unlt-of-work identification associated 

with said one of said second objects, along with 
said indication of whether said one of said second 
objects successfully performed said first action 45 
message. 

4. The object oriented cooperative data processing 
system of Claim 2 wherein said second object 
manager further comprises means for assigning so 
selected ones of said first objects and selected 
ones of said second objects to a unil-of-woric; and 
wherein said providing means further comprises 
means for providing to said second object man- 
ager a unlt-of-work Identification associated with 55 
said one of said first objects, along with said In- 
dicatton of whether said one of said first objects 
successfully performed said second action mes- 



sage. 

5. the object oriented cooperative data processing 
system of Claim 1 wherein each of said indica- 
tions comprises one of a successful completion 
code and an error code. 

6. A method for providing cooperative processing in 
an object oriented data processing system, said 
object oriented data processing system compris- 
ing: 

a first computing platform; 

a first object oriented computing environ- 
ment executing on said first computing platfbmn, 
said first object oriented computing environment 
comprising: 

a plurality of first objects, each in- 
cluding associated data and at least one method; 
and 

a first object manager including 
means for directing action messages between 
said plurality of first objects; 

a second computing platfomri; 

a second object oriented computing envir- 
onment executing on said second computing 
platform, said second object oriented computing 
environment comprising: 

a plurality of second objects, each 
including associated data and at least one meth- 
od; and 

a second object manager including 
means for directing action messages between 
said plurality of second objects; and 

means for communicath^ely connecting 
said first computing environment and said sec- 
ond computing environment; 

said cooperative processing method com- 
prising the following steps performed by said first 
object manager: 

identifying a first action message 
from one of said first plurality of objects which is 
directed to one of said second plurality of objects; 
and 

transmitting said first action mes- 
sage to said one of said second objects via said 
connecting means; 

said cooperative processing method fur- 
ther comprising the following steps perfonmed by 
said second object manager: 

determining whether said one of 
said second objects successfully performed said 
first action message; and 

providing to said first object man- 
ager an indication of whether said one of said 
second objects successfully perfonmed said first 
action message. 

7. The method of Claim 6 wherein the following 
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steps are also performed by said second object 
manager: 

identifying a second action mes- 
sage from one of said second plurality of objects 
whicii is directed to one of said first plurality of ob- 5 
jects; and 

transmitting said second action 
message to said one of said first objects via said 
connecting means; and 

wherein the following steps are also per- io 
formed by said first object manager: 

determining whether said one of 
said first objects successfully performed said 
second action message; and 

providing to said second object is 
manager an Indication of whethersaid one of said 
first objects-successfully perfonmed said second 
action message. 

8. The method of Claim 6 wherein said first object 20 
manager further comprises means for assigning 
selected ones of said first objects and selected 
ones of said second objects to a unit-of-work; and 
wherein said providing step comprises the step of 
providing to said first object manager a unit-of- 25 
work identification associated with said one of 

said second objects, along with said Indication of 
whether said one of said second objects success- 
fully performed said first action message. 

30 

9. The method of Claim 7 wherein said second ob- 
ject manager further comprises means for as- 
signing selected ones of said first objects and se- 
lected ones of said second objects to a unit-of- 
work; and wherein said second object manager 35 
providing step comprises the step of providing to 

said second object manager a unit-of-work iden- 
tification associated with said one of said first ob- 
jects, along with said indication of whether said 
one of said first objects successfully performed 40 
said second action message. 

10. The method of Claim 6 wherein each of said Indi- 
cations comprises one of a successful comple- 
tion code and an en-or code. ^5 
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@ Method and apparatus for linking object managers for cooperative processing In an object oriented 
computing environment 

^ Object managers on different computing plat- 
forms {14a, 14b) communicate with each other 
in a cooperative manner, while allowing the 
objects on the computing platfonns to conv 
municate with each other using a remote pro- 
cedure call which preserves the object oriented 
ctiaracteristics of data independence and en- 
capsulation. Preferably, eacii object manager 
indicates to the other object manager whether 
local objects have successfully responded to 
remote messages. The object manager can 
thereby preserve integrity of the object oriented 
system by committing or rolling back the sys- 
tem in response to completion of specific tasks 
or failure to complete specific tasks, even 
though some of the tasks occurred outside the 
local object oriented computing environment. 
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